remains a challenge to separate the activated carbon from the solution. Attempts to employ magnetic separation techniques have been reported 16 . In these techniques a magnetic core is coated with activated carbon. An external magnetic field enables the separation of the activated carbon magnetic carrier from the solution.
In this article we report the application of magnetic nanoparticles prepared with surface affinity to dyes. Anionic iron oxide nanoparticles, as a low cost sorbent for the removal of (AO) dye from aqueous solutions were synthesized as described in Chattrejee et al. 16 The zeta potential for the particles was measured by a Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.). The zeta potential was found to be -48.7 mV. Narrow size distribution with average particle diameter of 9±2.5 nm was obtained. The size distribution was determined by transmission electron microscopy. The particles magnetization characteristics were studied using a SQUID magnetometer. The particles exhibit superparamagnetic behavior. Naked magnetic nanoparticles with affinity to dyes have the advantage over the activated carbon coated particle due to simplicity of synthesis, cost and ability to recover the dye back.
Acridine Orange (AO), a cationic dye, has been the subject of extensive studies in recent years. The biological effects of AO, which includes photodynamic and mutagenic actions of the dye, constitute another large area of research. 17, 18 We obtained AO from Sigma Chemicals in commercial purity. The zeta potential for AO was measured using Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.) and was found to be 5.58mV. We prepared dye stock solutions of 5x10 respectively. Figure 1 shows the percentage of dye removed at each incubation time. We found that within the initial concentration ranges utilized in the experiment, the maximum removal occured when 5mg or higher were used. To investigate the isotherms and kinetics of dye separation using the magnetic nanoparticles a fixed amount of magnetic nanoparticles (5mg/ml) was added to solutions of dyes with initial dye concentrations ranging from 5x10 The sorption kinetics were found to fit pseudo second order rate equation
for all initial concentrations, the second order kinetic equations for each initial concentration is shown in Table 1 . Using this equation, where qt is the sorbed dye at time t, while qe is the sorbed dye at equilibrium. It should be noted that the initial absorption was fairly rapid and the pseudo equilibrium were reached after 20 minutes of contact time. We prepared two ILs 1-mythyl-3-n-decyl-imidazolium (IL1) and 1-mythyl-3-n-decylimidazolium bromide (IL2). Figure 2 shows the chemical structure for both ILs. The zeta potential for both ILs was measured using a Malvern Zetasizer Nano ZS (Malvern Instruments Ltd.). The zeta potential for IL1 was found to be -0.0477mV and for IL2 to be 27.1 mV. 20-160 μl of ILs were added to each of the 50mg of collected magnetic nanoparticles. The particles were vortexed for 2 minutes with the ILs. 10 ml of deionized water, to ensure the initial volume, was added to the mix and were vortexed for 2 minutes. The magnetic particles were forced to settle at the bottom of the tube using a magnet followed by a centrifugation at 2000rpm for 1 minute. The dye concentration in the supernatant was measured spectrophotometrically. We found that IL1 does not remove the dye from the particles, however IL2 have total dye recovery that reaches 99% when 160μl of IL2 were used ( Figure 3) .
Figure3. Percentage of recovered dye
The ability of IL2 to recover the dye from the nanoparticles is due to the charge competition at the surface of the anionic nanoparticles. Both the IL2 and the AO are cationic solutions.
However the zeta potential for the IL2 is at least 4 times higher than that of AO. IL1 is a weak anionic which explains the inability of IL1 to remove the dye from the particles. We have observed agglomeration when IL1 was added to the AO without magnetic particles explaining the electrostatic adherence of AO to the IL1. No agglomeration was observed when IL2 was added to AO.
The nanoparticles collected after the dye removal were reused for additional dye removal. It should be emphasized the 160 μl of IL2 was able to recover 40mg/g of dye and enable the reuse of the magnetic nanoparticles. We have reported prevously that acetone could be utilized to recover the particles and dye for additional reuse with maximum dye recovery of 90%. However, the amount of acetone needed was 10ml for 40mg/g recovery of dye. The μ dye was collected using evaporation process. It should be emphasized that a thousand times less of IL is needed to collect the dye from the particles surface.
In summary we described a method for efficient removal and recovery of hazardous dye from wastewater. The method makes use of naked, inexpensive magnetic nanoparticles with surface affinity to the dye. The magnetic particles have an equilibrium removal time of 20 minutes similar to other physical dye removal methods. The dye was recovered by incubating the dye-loaded particles in one-thousandth volume of IL with higher charge density than the dye, followed by magnetic separation so that the dye and particles can be recovered for further use.
